W
ithin 30 years, 70% of the world's human population will live in cities (World Health Organization 2013) . The shift to an increasingly urbanized population will have major implications for health, because more people will be exposed to the chronic and noncommunicable conditions that are disproportionately common in cities; these include conditions such as cardiovascular disease, high blood pressure, and obesity (Dye 2008) . Urban nature has the potential to provide an inexpensive intervention to assist in addressing many of these health issues, because there are now demonstrable links between exposure to nature and physical, psychological, and social well-being (Keniger et al. 2013 , Hough 2014 .
A growing body of evidence has begun to reveal how specific elements of nature enhance health and well-being (Jackson et al. 2013 , Keniger et al. 2013 . Nature functions in ways that alter the physical environment that people live in, thereby reducing health risks; these are called biophysical ecosystem services. For example, vegetation can filter pollutants from the air and buffer the urban heat island effect, potentially reducing the prevalence of respiratory infections or heat-related illnesses (Bolund and Hunhammar 1999 , Lovasi et al. 2008 , O'Neill et al. 2009 , Jackson et al. 2013 . In addition to such direct effects, nature can also indirectly influence health by mitigating the risks associated with other areas of people's lives or by encouraging positive health behaviors. For example, people may be more likely to exercise where the natural surroundings provide an interesting, pleasant, and safe environment (Timperio et al. 2008 , Lee et al. 2013 , potentially leading to reduced obesity, diabetes, mental illness, and other health issues associated with sedentary lifestyles (Haskell et al. 2007 ). Exposure to nature can also have restorative effects, potentially reducing the effects of stress in a person's life (Hartig et al. 1991 , Beil and Hanes 2013 , de Vries et al. 2013 , Ratcliffe et al. 2013 ). Many of these kinds of indirect benefits of nature can be heavily reliant on an individual's perceptions of and experiences within natural environments, as well as personal preferences (Hartig et al. 2014 ). All of these benefits of urban green space occur alongside a range of other positive outcomes, including enhanced biodiversity conservation and environmental sustainability (Tratalos et al. 2007 , Tzoulas et al. 2007 .
One important effect of urbanization is that people are exposed to reduced levels of nature in these highly altered environments (Turner et al. 2004) . Consequently, the full array of health benefits that nature can provide are unlikely to be realized without specific interventions that aim to (a) enhance nature in cities and (b) connect people with the nature around them. These interventions are likely to be particularly useful for achieving public health outcomes if they prove cost effective, particularly when considering the full range of services and benefits that can be provided by urban nature (Hartig et al. 2014) . Both interventions require an understanding of the types and amount of nature required for the intended physical, social, or psychological health outcomes. However, despite the fact that there is a growing body of scientific evidence on the nature-health connection spanning over 30 years, almost all the evidence so far is Overview Articles correlative (Frumkin 2003 , Keniger et al. 2013 . Therefore, much remains to be learned about how much or what type of nature is required for the range of possible health benefits. Dose-response modeling is commonly used in the health sciences and provides an appealing quantitative approach for informing guidelines on nature-based health interventions. In general terms, this approach involves modeling the effect of a dose of a substance or activity on a causally linked health response of an individual or a population (Altshuler 1981) . The appeal of the approach stems from the fact that it could assist in developing minimum-dose recommendations of exposure to nature for individuals similar to other public health recommendations for physical activity (Powell et al. 2011) or fruit and vegetable consumption (US Department of Agriculture and US Department of Health and Human Services 2010). Such recommendations are simple but with potentially substantial public health outcomes across a population, and they can be easily communicated (Whitelaw 2012 , Hartig et al. 2014 . Dose-response modeling is not without difficulties; in particular, it offers significant analytical challenges because health responses of individuals and populations can be influenced by a great range of factors, including gender, experience, preferences, culture, or age (Whitelaw 2012 , Hartig et al. 2014 . However, even with these challenges, the dose-response approach is generally considered a useful tool for simplifying complexity and for providing guidance for self-regulating behaviors that enhance health outcomes (Whitelaw 2012 , Hartig et al. 2014 ).
Importantly, population-level studies on the doseresponse relationship between health and nature could also assist in developing rules of thumb for planning green space in urban environments; ultimately, these could be used to deliver the best health outcomes for the majority of the population. These guidelines will take different forms when considering health outcomes that simply rely on biophysical ecosystem services versus those that require active engagement or use of natural spaces. Although simple physical planning guidelines will be appropriate for the former, the latter is likely to require additional social strategies (Zhou et al. 2011 . This information will be particularly valuable for cost-effective spatial planning in cities, where ecological restoration is expensive and subject to strict spatial constraints and quantifiable information on the multiple benefits that arise from urban green space will help guide efficient investment.
Despite the potential utility of the dose-response approach, the concept has rarely been explicitly employed in the context of the nature-health connection. In the first and perhaps the only study in which this has been done to date the impacts of "green exercise, " or exercise in green environments, were examined on self-esteem and mood (Barton and Pretty 2010) . The study used a meta-analytical approach to show that the greatest effect of green exercise occurs within very short (5-minute) time periods. We argue that this doseresponse concept has a much wider application than has so far been realized. Here, we explore the utility of the doseresponse concept for the nature-health connection with the aim of providing an overview of how it can be conceptualized at both the population and individual level. We first explore the theory behind the concepts of dose and response, and use a qualitative review approach to examine how existing literature on the nature-health connection fits within this paradigm. Second, we identify the possible shapes of the curves for different health responses, and review a range of factors that could affect these relationships. Finally, we propose potential ways forward amid this complexity.
Measuring nature dose
In the health sciences, "dose" is measured in a range of ways, reflecting the diverse pathways through which substances or activities can influence health or enter the body. For example, at the individual level, dose can be measured as the amount of a substance in a person's blood or lungs or the frequency at which a drug is administered. Nature dose was first explicitly labeled by Barton and Pretty (2010) , who simply measured the time people spent exercising in green environments. In retrospect, the concept has also clearly been employed in a range of additional studies, but it has been defined in different ways by health scientists and ecologists.
The majority of research on the nature-health link has been led by health scientists and commonly uses coarse variations in nature to measure dose, such as the contrasting scenes of natural and built or urban and rural (figures 1c and 1d show examples of this approach; Hartig et al. 2003 , Lachowycz and Jones 2012 , Beil and Hanes 2013 . Proxy measures for nature are also often employed, such as the proportion of a landscape covered by public parkland or green space (figure 1b provides an example; Maas et al. 2006, Mitchell and Popham 2008) . These studies have shown unequivocally that human well-being responds to the presence of nature and that the scale of response can vary with duration of exposure. However, a simplistic approach to defining nature limits any clear understanding of how its variation influences the scale of the health response. In contrast, studies led by ecologists measure nature dose using ecological features such as vegetation cover, plant and bird species richness, and number of habitats (figure 1a provides an example; Fuller et al. 2007 , Dallimer et al. 2012 , Hanski et al. 2012 ), but they rarely consider other important human factors, such as the time a person spends with nature. However, these studies are important because they have shown that variation in the types of nature, not just its presence, can be important for delivering a range of well-being outcomes.
There are a range of challenges associated with defining nature dose, largely because it can be framed in a social context as well as an objective reality (Hartig et al. 2014 ). However, providing that a mechanistic approach is taken, the construct of "exposure" can provide a useful way to create more meaningful measures of nature dose and draw together expertise from the health, social, and ecological sciences. Measures of exposure are used when direct measures Overview Articles of a substance in a person's body are difficult or expensive to collect or the pathway to a health response is indirect (Kriebel et al. 2007 ). For example, exposure has been used to generate minimum daily recommendations for physical activity; in this case, time, effort, and frequency of activity are considered important aspects of dose (Haskell et al. 2007 ). Thus, there are three key components of exposure: the intensity of exposure (how much), the frequency of exposure (how often), and the duration of exposure (how long; Kriebel et al. 2007 , Smith 1992 . Here, we describe how these can be adapted to measure nature dose.
Intensity of nature exposure. The quality and quantity of nature elements can both provide useful measures of intensity. For studies that focus on health and well-being outcomes at the population level, quantity of nature has been measured in a range of ways, from counting the number of street trees in a neighborhood (e.g., a negative correlation was found between the number of street trees and asthma prevalence in children; Lovasi et al. 2008 ) to the use of remotely sensed data, such as percentage of vegetation cover in a landscape (e.g., a negative correlation was found between rates of assault and burglary and tree cover; Wolfe and Mennis 2012). Other studies have used proxies to measure quantity of nature: for example, the area of land designated as green space within a neighborhood has been found to correlate with both allcause mortality and mortality from cardiovascular disease (Mitchell and Popham 2008) . The quality of nature has also been measured in a range of ways; the most notable attempts assessed ecologically relevant measures of quality, such as bird species richness and number of habitats, both of which have shown positive correlations with individual-level psychological well-being , Dallimer et al. 2012 . Other aspects of nature quality that could conceivably have links with human health and well-being include vegetation structure (with a possible connection to mental health and well-being through the provision of a visually complex but undemanding environment; Ulrich 1983 , Kaplan and Kaplan 1989 , Berman et al. 2008 ). However, preferences and perceptions will influence the extent to which these measures of nature are relevant or important for different people (Hartig et al. 2014) . Conceivably, other measures of nature quantity, such as leaf area indices, could also be employed in a dose-response context, because this property has direct links with biophysical ecosystem services, such as the heat regulation capacity of vegetation (Hardin and Jensen 2007) .
Frequency of exposure. Frequency can be measured as the number of times a person is exposed to a nature element during a particular time frame, and in some instances, the pattern of exposure (e.g., cyclic, random, or intermittent) may also be important. The way an individual's health responds to different frequencies of exposure to nature has received very little attention to date, though it is likely to be important in many contexts and across different time frames. For example, frequent views of nature during a short-term period (e.g., during the day) could cumulatively provide relief from mental fatigue (Kaplan 2001 ). In contrast, exercise conducted in green environments may need to occur on a repeated basis over a much longer time frame for a person to receive enhanced cardiovascular benefits (Bird 2004 , Pretty et al. 2005 ).
Duration of exposure. Duration can simply be considered as the time during which a person is exposed to a nature element. There has been some investigation into the effects of duration of exposure at the individual level for some wellbeing responses, and these studies show that the rate of improvement can change over even very short time periods (psychological well-being, Barton and Pretty 2010 ; blood pressure as shown in figure 1d , Hartig et al. 2003 ). Duration of exposure should be measured at time scales that are relevant for the health response of interest. For example, when measuring the effects of vegetation cover on cardiovascular disease, the number of years a person lived in a particular landscape may be most relevant. However, when examining Overview Articles the short-term cognitive benefits of viewing nature, the duration of interest may be the very short term, perhaps only minutes.
Intensity, frequency, and duration of exposure could all be more or less important than each other for any particular health response, and careful consideration of the mechanistic pathways involved will be necessary to determine the most appropriate measures for a particular study. For example, the duration of exposure to nature may be more important than the quality or quantity of nature itself for improved psychological well-being measured at the individual level, or having an orientation toward nature could be important for determining whether a person responds positively to nature at all (Shanahan et al. 2015) . In contrast, when considering biophysical ecosystem services such as temperature regulation, the quantity or type of vegetation across a city may be the most important factor that influences the prevalence of heat-related illness in the population (Hardin and Jensen 2007, O'Neill et al. 2009 ).
Health responses to nature
Research has now demonstrated links between doses of nature and a remarkable number of health and well-being responses (Keniger et al. 2013) . Population-level studies have shown that increased green space is associated with reduced all-cause mortality and mortality from cardiovascular disease (Mitchell and Popham 2008, Donovan et al. 2013) , reduced asthma prevalence (Lovasi et al. 2008 ), and enhanced general or self-reported health (Maas et al. 2006 , Groenewegen et al. 2012 ). Other studies have found no association between green space cover and mortality, or even higher mortality in greener cities, suggesting that health benefits might be best measured at finer scales or that the effects vary between locations (Richardson et al. 2010 (Richardson et al. , 2012 . A key pathway to health outcomes such as reduced cardiovascular disease may simply be increased exercise where green space provision is higher (Humpel et al. 2002, Kaczynski and Henderson 2007) . However, research into green exercise is beginning to reveal that nature is likely to provide health benefits beyond those expected through exercise alone (Mitchell 2013 , Richardson et al. 2013 .
Individual-level studies have revealed relatively strong associations between exposure to nature and improved healing times (Ulrich 1984) , reduced allergies (Hanski et al. 2012) , and enhanced social cohesion (Groenewegen et al. 2012 ). In the immediate short term, exposure to nature has also been shown to correlate with reduced stress (Van den Berg and Custers 2011), improved cognitive ability (Berman et al. 2008 , Han 2009 , and enhanced happiness (MacKerron and Mourato 2013). The most significant body of research to date has shown a strong positive correlation between exposure to nature and psychological well-being measured in a range of ways, including mental restoration, self-esteem, attachment, and anger (Hartig et al. 2003 , Barton and Pretty 2010 , Dallimer et al. 2012 ; cognitive function (commonly assessed using measures of attention;
Tennessen and Cimprich 1995); systolic and diastolic blood pressure and heart rate (Hartig et al. 2003 , Lee et al. 2011 ; and recovery times (Ulrich 1984 ; see figure 1 for examples).
As indicated above, well-being responses can be measured at both the individual and population scales and at different time scales, depending on the outcome of interest. At the population scale, the proportion of people that responds to different doses of nature is generally of interest (i.e., the prevalence); this is the approach used by Mitchell and Popham (2008) , who found lower rates of mortality from cardiovascular disease and all-cause mortality in neighborhoods with higher levels of green space. At an individual level, a health or well-being response could include a change in state: a person's change in stress or anxiety given exposure to natural scenes (e.g., Hartig et al. 2003) or, alternatively, a binary expression of states, such as whether or not a person shows an allergic response to specific stimulants (e.g., Hanski et al. 2012 ). The appropriate time frame for measuring different responses varies, because the effects of nature on a person have the potential to be immediate or delayed or they may disappear over time. For example, health outcomes such as changes in the prevalence of cardiovascular disease in response to active engagement with green exercise are likely only to become apparent over very long time frames with repeated or consistent engagement with green space (Mitchell and Popham 2008) . Other well-being responses (for example, relief from mental fatigue and subsequent feelings of restoration from exposure to nature) can be immediately elicited on exposure to nature (i.e., the response is acute) and as a consequence may only be measurable in the immediate short term (e.g., Hartig et al. 2003 ).
The shape and scale of the dose-response curve Dose-response studies that provide information on how individuals respond to exposure to nature, whether that be measured as duration, frequency, or quality (or some combination of these variables), will be central to developing minimum dose recommendations (Barton and Pretty 2010, Whitelaw 2012) . In addition, studies that examine how the health of populations responds to different levels of nature quantity or quality will be important for informing green space provision guidelines and policies. In particular, the shape of the dose-response relationship between nature dose and health response will provide crucial information on how small changes in the environment or exposure to nature could influence people's health. For example, the presence of thresholds could provide some indication of a minimum level of green space cover that should be provided in cities.
Given the range of ways that nature dose and health response have been measured to date, in many instances, meta-analytical approaches to developing dose-response curves are impossible. However, there is evidence to indicate a priori what some of these curves might look like. Here, we review the evidence for some likely curve shapes, focusing on the health responses that have received the most attention in the scientific literature to date.
Overview Articles
A rapid improvement in health followed by a plateau or decline.
Studies that have examined the link between nature dose and psychological well-being at the individual level have variously measured all three components of exposure; this includes measures of quality (e.g., the effect of bird or plant species richness on reflection; Fuller et al. 2007 ) and quantity (e.g., the effect of landscapes with varying levels of natural features on stress; Beil and Hanes 2013), but the most common measure is the duration of exposure to nature. There is certainly evidence to suggest that a very rapid improvement in psychological well-being is possible in response to very low durations of nature dose, after which the rate of response could either plateau (figure 2a) or decline (figure 2b). For example, cognitive function has been found to improve after less than ten minutes of viewing photographs of natural settings (Berto 2005) . Similarly, rapid responses to natural environments have been identified within studies that examine the effects of mere glimpses of nature from a window at home; these have been correlated with improved feelings of life satisfaction and well-being (Kaplan 2001) . These studies on responses to both real nature and pictures also suggest that both passive (i.e., occasionally seeing nature through a home window) and active (i.e., active viewing of photographs or video) exposure to nature can elicit acute health responses with only very low durations of nature dose. Similarly, figure  1d illustrates how improvements in blood pressure can be achieved with very short periods of exposure to real natural settings (Hartig et al. 2003) , and forest bathing experiments in Japan have also found rapid reductions in heart rate within minutes of exposure to natural forest environments (Lee et al. 2011) . These improvements are unlikely to continue at the same rapid rates as the nature dose increases even further. Certainly, Barton and Pretty (2010) found that five minutes of green exercise resulted in a greater rate of improvement in feelings of restoration and self-esteem than a full day of exposure, suggesting that the psychological well-being benefits do not increase linearly with time.
In general, a plateau in the rate of health improvement could be expected when increases in nature have little or no further impact on people or when increases in nature are no longer possible. This may particularly be the case when considering quantity of nature; for example, increasing "greenness" within a window view may have no additional effect once a particular threshold point is reached. A decline in well-being could occur when further increases in the measured element of nature have a detrimental impact on people. For example, although many studies have shown that natural landscapes enhance the psychological wellbeing of individuals (Kaplan and Kaplan 1989 , Berman et al. 2012 , Dallimer et al. 2012 , Beil and Hanes 2013 , the stress theory proposed by Ulrich (1983) suggests that increased complexity and crowding of vegetation (as a measure of nature quality) could decrease a person's feeling of safety and increase stress. In addition, although the presence of water bodies can elicit a positive outcome for psychological well-being (White et al. 2013a) , increasing levels of stagnant water in urban environments also provide breeding grounds for mosquitoes that transmit disease (Quiroga et al. 2013) .
The relationship between temperature regulation and reduced heat-related illness could also show a rapid initial improvement followed by a plateau. Heat exposure has important implications for human health (O'Neill et al. 2009 ) and increased vegetation cover is considered an important strategy for reducing the urban heat island effect (Hardin and Jensen 2007, O'Neill et al. 2009 ) because it provides shade and reduces temperatures through evapotranspiration and heat reflection (Bolund and Hunhammar 1999, Hardin and Jensen 2007) . While temperature-regulating effect of vegetation in response to increasing quantities of nature has received limited attention, the studies that do exist suggest there can be an immediate effect on temperature even at low levels of nature, where quantity is measured as tree cover . Depending on the nature variable measured, the level of improvement in temperature can then either slow (similar to the curve shape shown in figure 2a , as has been shown to be the case for tree cover; or continue linearly towards an upper limit, as is the case for the relationship between temperature and leaf area (Hardin and Jensen 2007) . Although no study to date has explicitly linked the temperature regulation services that nature can provide to health outcomes, the shape of the relationship between measures of nature (such as tree cover) and heat-related illness prevalence may follow similar shapes when measured at the population scale. However, the relationship is likely to be complicated by a range of mitigating Overview Articles factors, such as where vulnerable people are located within a city (Harlan et al. 2006) , as well as the spatial arrangement of vegetation (Zhou et al. 2011) .
A gradual increase in improvement in health followed by a plateau or decline. Another potential relationship between nature and health is a gradually increasing improvement in health followed by an eventual plateau (figure 2c) or decline (figure 2d). Mitchell and Popham (2008) provided an example in which only a gradual reduction in mortality from cardiovascular disease was observed for higher-income groups at low quantities of nature (measured as green space cover). However, as green space increased further, the rates of reduction in mortality also increased. This reduced mortality in greener neighborhoods could have been driven by higher levels of physical activity (Mitchell and Popham 2008) or improved air quality in a neighborhood as a result of air filtering by vegetation (Laden et al. 2006) . Conversely, at the individual level, the rate of improvement in cardiovascular health may actually be quite rapid in response to increasing the duration of exposure to nature. Mao and colleagues (2012) found that measures of cardiovascular health in the elderly improved significantly over the course of a seven-day experiment, and Hartig and colleagues (2003) showed that blood pressure can be reduced over only short duration exposures to natural environments (see figure 1d) . These results suggest that short-term, nature-based health interventions could be effective in enhancing health outcomes for individuals.
Conceptually, the reduction in mortalities from cardiovascular disease at the population level may plateau as nature increases further simply because at some point, no further benefits can be delivered and because the spatial constraints in urban environments mean that the area of public green space may never reach detrimental levels. However, a decline in this same health response (i.e., increased mortality from cardiovascular disease) is conceivable when increased tree cover raises the pollen load in the air beyond a tolerable threshold. This change has the potential to elicit an allergic response from a substantial proportion of the population, which, in turn, could lead to the increased prevalence of respiratory illnesses and cardiovascular disease (Bergmann and Sypniewska 2011) .
Moderating factors that influence dose-response curves
The scale of health response that nature elicits from people, as well as the shape of the dose-response curve, will inevitably be influenced by a range of factors; this includes characteristics of the individual or individuals involved and the time frame of the study (Altshuler 1981) , and for biophysical ecosystem services, the spatial arrangement of natural features in the landscape may also be important (Zhou et al. 2011) . These factors have generally received little attention in studies on the health-nature link, and they create significant complexity when attempting to create dose-response curves (Whitelaw 2012 ); however, population-level studies have shown that accounting for them can be crucial for detecting the sometimes trace effects of nature on health (Mitchell and Popham 2008 , White et al. 2013b , Hartig et al. 2014 ).
Culture. Studies on the health-nature connection are geographically biased toward North America and Europe (Keniger et al. 2013) , and so there is limited direct evidence on how culture influences the shape and scale of the doseresponse relationship. Culture is likely to influence both nature provision (i.e., the quantity and quality of nature within a landscape) and whether a person actively seeks out nature experiences (i.e., the duration and frequency of nature dose). First, culture can determine nature provision through its influence on city form, landscape characteristics, and park and garden design, alongside other important drivers of green space availability, such as development history and population density (Kaplan and Kaplan 1989 , Fuller and Gaston 2009 , Trigger and Head 2010 , Dallimer et al. 2011 . At an individual level, culture can influence the amount of nature that a person is likely to be exposed to through its relationship with personal preferences and lifestyle. There is certainly strong evidence of the effect of ethnicity on attitudes toward and use of green space, as well as motivation for outdoor recreation (Ozguner 2011) .
Socioeconomic advantage or disadvantage. Socioeconomic factors can influence the quantity and quality of nature in urban environments; for example, nature quality (e.g., plant diversity or native remnant vegetation cover) and quantity (e.g., percentage of tree cover in a neighborhood) have been found to be higher in more advantaged neighborhoods (Kirkpatrick et al. 2007 , van Heezik et al. 2013 , Shanahan et al. 2015 . This could be due to greater available resources for greening activities or because unequal power relationships between communities and local governments can influence investment in public areas (Heynen et al. 2006) . The net result of this pattern is that people who live in more advantaged areas might receive higher day-to-day doses of nature. Other studies have found that socioeconomic advantage or disadvantage, as well as demographic characteristics such as age and gender, can influence whether a person is likely to visit a park (i.e., the frequency and duration of nature dose). For example, Jones and colleagues (2009) found that whereas over 40% of people in the most advantaged socioeconomic group visited parks in Bristol, United Kingdom, only 27% of those in the least advantaged group did so. Such behavioral differences could contribute to people in more advantaged areas receiving higher doses of nature than those in less advantaged neighborhoods.
Personal preferences and knowledge. Personal preferences associated with nature and knowledge of nature are likely to be inextricably linked with both the nature dose that a person is exposed to and the scale of the health benefits Overview Articles received. For example, a person's orientation toward nature has a greater influence on park visitation (i.e., nature dose) than the proximity of parks to the home , and personal preferences can influence the perceived restorativeness of a landscape (i.e., the health response; Wilkie and Stavridou 2013) . A person's perception of biodiversity (such as their estimate of species richness) has also been found to have a greater correlation with well-being outcomes than actual measures of biodiversity (Dallimer et al. 2012) . This suggests that knowledge of the environment might fundamentally influence the scale of benefits that people can receive from nature. Interestingly, this pattern does not necessarily always hold, because people who deal with natural resources on a day-to-day basis (e.g., forestry workers) may receive relatively low restorative benefits from walking in natural environments (von Lindern et al. 2013 ).
Demographic and physiological characteristics, psychological wellbeing. A wide range of physiological factors will influence whether a person displays a positive health response to changing doses of nature. For example, nature could provide little or no additional protection from cardiovascular diseases or high blood pressure for people who have a number of risk factors, which could include advanced age, a genetic predisposition, or diabetes (Haffner et al. 1998 , Wilson et al. 1998 , Yusuf et al. 2005 . Conversely, nature could play a particularly important role when it provides protection against illnesses to which a person is particularly susceptible (e.g., the reduction in heat island effect provided by nature may be more important for the young and the elderly; O'Neill et al. 2009 ). Interestingly, the restoration and well-being benefits of nature may be greatest for individuals experiencing stress or anxiety, and if this holds true, the influence of nature or green exercise on psychological well-being will be much greater, with a more immediate rapid increase for more stressed individuals (Ulrich 1986, Barton and Pretty 2010) . There is support for this hypothesis in that individuals who are more mentally fatigued have been found to anticipate greater restoration from spending time in natural environments (Hartig and Staats 2006) .
Toward nature-based health interventions
Clearly, there is a great deal of complexity that will ultimately complicate the generation of dose-response curves for the nature-health connection. However, we see three key approaches that could be used to bridge this knowledge gap. First, population-level studies have demonstrated how an epidemiological approach can be employed statistically to account for a range of potentially complicating factors through multivariate regression (e.g., Mitchell and Popham 2008, White et al. 2013b ). This approach, when well designed, can enable the researcher to discover what proportion of different populations (e.g., people from different socioeconomic brackets) responds to different levels of green cover, particularly when the effect size is small (Hartig et al. 2014) . Although this approach will not necessarily provide information on causality, it could be used both for identifying vulnerable populations and for spatial planning to reduce health inequalities.
Second, as highlighted in the temperature regulation example described in this article, examining the relationship between a measure of nature and a biophysical change in the environment provides a necessary intermediate step that could be used to predict at what point the best health benefits for a population might be achieved. This mechanistic approach to enhancing health benefits could be used to guide broadscale or neighborhood-scale recommendations for the proportion of green cover that should be present within cities. Importantly, such interventions could have multifaceted health outcomes for communities both immediately and in the longer term (Whitelaw 2012) , and these additional benefits or disbenefits also need to be considered through the planning process.
The third approach that is likely to be particularly useful in generating dose response curves is experimental manipulations of exposure to nature at the individual scale, such as the example illustrated in figure 1d (Hartig et al. 2003) . Studies that control for any potentially confounding factors (such as the subjectivity of nature experiences; Hartig et al. 2014) will be invaluable for demonstrating causality and moving the discipline beyond primarily correlative research. Barton and Pretty (2010) have already demonstrated how data from individual-level studies can be incorporated into a meta-analytical approach to identify appropriate doses of green exercise. Therefore, this will provide a key way through which minimum dose recommendations could be made.
Conclusions
A major consequence of continued urbanization is that more people will be exposed to the health risks associated with city living. Urban nature could provide a cost-effective tool to reduce these health risks, because there is a growing body of evidence showing it has links to improved physical, psychological, and social well-being. To operationalize these initiatives effectively, research is needed to develop a precise knowledge of the type and amount of nature required for specific health outcomes. Here, we have explored how dose-response modeling, an approach commonly used in the health sciences, could be employed to inform naturebased health interventions. We highlight that there are three important aspects of nature dose, including the quality and quantity of nature (i.e., the intensity) and the frequency and duration of exposure, and each of these aspects of nature dose are likely to be linked to different health responses in different ways, over different time frames, and at different scales. To date, the varying ways that nature dose and health response have been measured generally precludes metaanalytical approaches to examining dose-response relationships. This suggests that there is a crucial need to take a mechanistic approach to developing measures of nature dose Overview Articles to understand how it might be manipulated to deliver better health outcomes (Hartig et al. 2014) .
Here, we have also explored some of the factors that will inevitably influence the scale and shape of many doseresponse curves. This complexity is one of the key reasons that the dose-response concept has been considered to hold limited utility in public health science (Whitelaw 2012) . Despite these concerns, the concept can be used to simplify complex information for the public through minimum dose recommendations (Whitelaw 2012 ) and could also have significant utility for informing green space policy and planning guidelines. To this end, we have shown that there is sufficient evidence to develop a priori indications of what some dose-response relationships might look like for different health responses. However, a new research direction is now required to generate quantifiable nature-based health recommendations. This requires a much closer collaboration among health scientists, ecologists, and sociologists and should include a mechanistic examination of nature-health links.
